SUMMARY:
The 
INTRODUCTION
It has been shown that certain chemically modified proteins incapable of inducing antibody production against the native molecules have rather enhanced capacity to induce cell-mediated immunity against these molecules. For example, (1) increasing acetoacetylation steadily destroys the ability of flagellin to initiate antibody production but enhances the capacity to induce flagellin-specific cellmediated immunity (Parish, 1971) , (2) bovine serum albumin without adjuvant induces antibody production but no detectable delayed-type hypersensitivity (DTH), whereas under the same condition the protein conjugated with a lipid induces DTH against the unmodified protein but no detectable antibody production (Coon and Hunter, 1973) , and (3) S-carboxymethylated lysozyme (CM -lysozyme) devoid of the three dimensional conformation of the native molecule fails to induce lysozymespecific antibody production but sustains the ability to induce lysozyme-specific DTH in guinea pigs (Thompson et al ., 1972) . It is generally accepted that the antigenic determinant complementary to the antibody is recognized by B lymphocytes , while the antigenic area for carrier recognition in antibody production and that for DTH are recognized by T lymphocytes. These facts suggest that the antigenic structures recognized by B lymphocytes and those recognized by T lymphocytes are generally different from each other in chemical nature . There are, however, no definite chemical criteria to distinguish between the two structures . Furthermore, it is not known whether or not the antigenic area for carrier recognition in antibody production and that for DTH are identical to each other .
In order to approach these problems , lysozyme is considered to be one of the most suitable antigens since it has a known amino acid sequence and three-dimensional conformation (Phillips, 1966; Chipman and Sharon , 1969) . In the present experiments, therefore, the abilities of lysozyme and CM-lysozyme to induce lysozyme-directed humoral and cell-mediated immunity were investigated as a first step . A newly devised method for testing footpad swelling was used to estimate both immediate hypersensitivities and DTH . 
MATERIALS AND METHODS

Mice
RESULTS
Comparison between the Conventional and the Modified Footpad Tests
The footpad reaction 30 min, 3 hr and 24 hr after the injection of test antigen was preliminarily tested by both the conventional and the modified methods. All the test mice had been sensitized 2 weeks before by sc injection of lysozyme-FCA . The mice injected with test antigen in saline into the footpad according to the conventional method showed the reactions in 30 min and 3 hr, but not in 24 hr (Table  I) . Furthermore, active systemic anaphylaxis was sometimes induced by the injection of test antigen in saline. On the contrary , the mice tested by injection with the antigen in saline-FIA emulsion showed significant reactions in 24 hr as well as in 30 min and 3 hr. Active systemic anaphylaxis was not induced at all in this case. Such a good result obtained by injecting the test antigen in emulsion may have been due to the prevention of rapid diffusion of the antigen in the tissue. Therefore, in all the subsequent experiments this modified footpad test injecting test antigen in emulsion was used. anaphylactic symptoms and 71% of them died. All the mice sensitized with lysozyme-FIA showed the symptoms and 50% of them died (Table III) . The control mice sensitized with saline-FCA did not show active systemic anaphylaxis (Table  III) . It was also repeatedly shown that the mice sensitized with CM-lysozyme-FCA failed to induce active systemic anaphylaxis against lysozyme (cf. Table VII) . Since all the mice showing anaphylactic reaction in 30 min in the footpad swelling method manifested also active systemic anaphylaxis, these two reactions appear to be caused by a common species of antibodies. Mice were sensitized with saline-FCA or lysozyme-FCA once or twice at a week interval, and 2 weeks later they received iv injection of lysozyme in saline for the test of active systemic anaphylaxis.
Kinetics of Immediate Hypersensitivities and DTH
after Sensitization with Lysozyme-FCA DTH was first observed one week after sensitizing the animals with lysozyme-FCA and reached a maximum level 2 weeks later (Fig. 2 ). Significant levels of anaphylactic and Arthus-type reactions were also observed 2 weeks after sensitization. In all these hypersensitivities, high levels of reactions were maintained through the observation period of 5 weeks. Active systemic anaphylaxis was first detected on day 8 after sensitization; during 2 to 5 weeks almost all mice showed clinical symptoms (86-100%) and 43 to 100% of the total mice died (Table IV) . Kinetics of active systemic anaphylaxis after sensitization
Mice were sensitized with lysozyme-FCA, and in various days after sensitization they received iv injection of lysozyme in saline for the test of active systemic anaphylaxis. 
IgG1 and IgE Antibody Titer
IgG1 and IgE antibody titers were assayed to find whether anaphylaxis was due to IgG1 or IgE antibody or both (Table VI) . Relatively high titers of IgG1 antibodies were found in the sera of the mice sensitized with lysozyme-FIA, but IgE antibodies were only sparingly or not at all detected in these sera. Neither IgG1 nor IgE antibodies were detected in the sera of the mice sensitized with CM-lysozyme with FCA or FIA. From these results, anaphylaxis of the mice against lysozyme was considered to be mainly due to IgG1 antibodies. The Memory Effect of CM-lysozyme for Induction of Humoral Immunity against Lysozyme
The following experiments were undertaken to find whether or not CMlysozyme gives immunological memory for induction of anti-lysozyme antibody production. Under our experimental conditions, neither the mice sensitized with CMlysozyme-FCA alone nor those having received iv injection of lysozyme alone developed immediate hypersensitivities. But the mice sensitized with CM-lysozyme-FCA followed by iv injection of lysozyme as a booster 2 weeks later developed significant immediate hypersensitivities and antibody production (Table VII) . Similarly, the mice pre-sensitized with CM-lysozyme-FCA followed by sc injections of lysozyme-FIA showed high anti-lysozyme immediate hypersensitivities, especially in 3 hr, as compared with those having received sc injection of lysozyme-FIA alone (Table VII , Exps. I and II). Intravenous injection of lysozyme performed 3 to 14 days after sc sensitization with CM-lysozyme-FCA induced intense anti-lysozyme immediate hypersensitivities, but iv injection performed simultaneously with or prior to the sc sensitization almost failed to induce the reaction (Table VIII) . These results clearly showed that sensitization with CM-lysozyme-FCA can endow the animals with immunological memory for the induction of anti-lysozyme humoral immunity. retain their immunogenicity toward T cells, but fail to induce humoral immunity against the native proteins, for instances, flagellin (Parish , 1971) , bovine serum albumin (Coon and Hunter, 1973) , and red blood cells (Dennert and Tucker, 1972) . These facts and our results suggest that the antigenic area of protein antigens for carrier recognition in antibody production and that for DTH reaction are similar to each other and that these areas recognized by T cells are less dependent on threedimensional conformation than the haptenic structures recognized by B cells. 
